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CHIMERIC REGULATORY REGIONS AND GENE CASSETTES FOR 
EXPRESSION OF GENES IN PLANTS 

Background of the Invention 

The present invention relates to chimeric 
regulatory regions useful for controlling the expression 
of genes in plants. These chimeric regulatory regions 
can be derived from the opine synthase genes of the 
plant pathogen Agrobacterium tumefaciens . 

Agrobacterium tumefaciens is a Gram-negative soil 
bacterium that infects most dicotyledonous and some 
monocotyledonous plants. An infection by Agrobacterium 
tumefaciens often results in the formation of crown gall 
tumors on the infected plant. 

During the A . tumefaciens infection process, a 
defined DNA segment ("T-DNA") of the large 
tumor-inducing ("Ti") plasmid is transferred to a 
susceptible plant cell and integrated into the plant 
nuclear genome, whereby the T-DNA genes are expressed. 
• Some T-DNA genes encode enzymes involved in the 
synthesis of hormones that are active in plants. These 
hormones can cause tumors in infected plants. Other 
T-DNA genes direct the synthesis and secretion of unique 
amino acid and sugar derivatives, termed opines. 
Agrobacterium tumefaciens can utilize these opines as a 
carbon and sometimes a nitrogen source. See Gelvin, 
Plant Physiol. 92: 281-85 (1990); Gelvin, TRANSGENIC 
PLANTS (Academic Press 1993); Ream, Ann. Rev. 
Phytopathol. 27 : 583-618 (1989); Zambryski, Ann. Rev. 
Plant Physiol. Plant Mol . Biol. 43: 465-90 (1992). 

T-DNA genes contain regions that are functional in 
plant environments and possess similarities to plant 
regulatory regions. For example, most plant promoters 
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contain cis-acting elements such as upstream act,' *• 
sequences (»uas»i /•„<... , "psrrean activating 

I uas ) (often called "enhancers"! <->. » w 
binding trans-acting factors, define or lnf * 
propter strength and tissuelspecifL l^l^T' 
Pattern. Atchison, Annu. Jiev. cell Biol ! 

«=t witft these elements. Dvnan ^77 = » 

i" - d, T "r:enes ni : iaiiy resiaent ° n * — 

— (P roiLr an p r:;:; re l ;;:.d th ; s r noa 

in plants. Por instanc6/ ^transcription 

that set the sit. r. r * 9 contain TATA boxes 

contain JL^TS^ ~ 

the transcription initiation" ! « . " ^ bP **»' 

HacH and Ke*p, pi m£ ^!^T ^.^.^J"- 

"-base pair palindroe located upstream, 1 ' 

is capable of activating . .. ^ ups t r aam of the ocs gene 

promoter in a ItlTjZ h ' terol °*°»s »ai*e adftl 

3203-08 (1 987) " ' E1US et a i-, BOO J. 6: 

ocs proJter Livtt L ,7*7" te 
calli. Eisner anl^n f tob *~° 

"5-36 (1989, GelVi "' »- 

The jnas l* »nH *> t 
Ptoncter and a 479 bp iS^^T 
encode enzymes for a tvo-sten „ *h g&n&S 
of .annopine. Ellis T^Vol T ^ SynthSSiS 
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73 (1984); Komro et al.. Plant Mol. Biol. 4: 253-63 
(1985) . The transcription of the mas genes is 
divergent, and the intergenic region contains all the 
cis-acting elements necessary for the transcription of 
both genes. DiRita and Gelvin, Mol. Gen. Genet. 207: 
233-41 (1987); Fox et al. Plant Mol. Biol. 20: 219-33 

(1992) ; Leung et al., Mol. Gen. Genet. 230: 463-74 
(1991); Guevara-Garcia et al.. Plant J. 4: 495-505 

(1993) . 

The ocs and mas gene promoters have been used to 
direct the expression of linked genes in transgenic 
plants. However, the application of these promoters has 
been restricted by weak expression levels in certain 
tissues of transgenic plants. DiRita and Gelvin, supra; 
Harpster et al., Mol. Gen. Genet. 212: 182-90 (1988); 
Sanger et al.. Plant Mol. Biol. 14: 433-43 (1990). 
For example, the ocs promoter directs a distinct 
cell-specific pattern of expression in transgenic 
tobacco. Kononowicz et al.. Plant Cell 4: 17-27 (1992). 
The mas gene exhibits weak expression in leaves and 
stems, but has stronger expression in roots and exhibits 
a degree of wound and auxin inducibility . Langridge et 
al., Proc. Vat '2 Acad. Sci 86: 7890-94 (1989); Teeri et 
al., EMBO J . , 8: 343-50 (1989); Saito et al., Planta 
184: 40-46 (1991); Guevara-Garcia et al., loc. cit. 

Because promoters and other regulatory regions 
exhibit varying strengths and tissue specificities, 
certain recombinant regulatory regions have been 
developed. For example, enhancer elements that 
specifically bind certain trans-acting factors can 
modulate the transcriptional activity and the 
cell-specific expression pattern. Bienz and Pelham, 
Cell 45: 753-60 (1986). 

The use of certain constitutive promoters, such as 
cauliflow r mosiac virus (CaMV) 35S constructs, is also 
known. The CaMV 35S promoter has activators with 
multiple domains that can function to activat the 35S 
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promoter in a developmental!, and tissue-specific 
manner, see Benfey et al SMBO , . s P eclflc 
Benfey. et a,. ^ „. t '^ZL " M,MaM <»»> ' 
al., EMBO J. „ 1S85 . 96 " 77 -«" ("90,; Benfey et 

Koziel et al.. Bio /Technology «. ,<,„ ,„«, „„ 
cenerally relates to promoters usL"n a pr "ot ' 
stacking construction in an effort to ob^ T 
specific promotion of , h.* f " tlssu - 

construction of Toene heter ° 1 °* >us • Kozie! snows 
truncated cryxl,*, ™ " ^ ««»*•*». - 

«- first ™ 0 9 : d t r: 15 f 5 r r nt usad — - 

insecticidal protein from Lil lu " T 
connected to either a C^To^TZT 
combination of er or to a 

-m corn ^ZZ^Z^J^T" ~~ 
promoter and a pollen slZZ " rboIcylass 
reports high levels 1 P™-°ter, . Koziel 

con figU ra t L„ LI,: ^T". 1 ^**- ^ *«~ 

promoter known to cause green I W **• PEPC 

and maize P-aT^ST ^ e ~ 

F tiIlc promoters resulted i« 
specific expression. ^suited m tissue- 

=tner^r:."^VT Dbinant ~ i0n * 
generally rentes toTn ! ' PCT/CB92 /"°"6 (1Ma) , 

single promoter"^ ~ " ' 

Koziel et al to . itrere nt from the promoter of 

heterologou gene ^ SPeCi " C «* a 

to the use ot Z' bs T\ P lm W*>» «l. t . s 
("PAL". BroZL \ P^vlalanine ammonia lyase 
v r/u* ; promoter to nrovi^a +i 

A hybrid gene was 11 ! tlssue "SPecif ic expression. 

-nscript'ionarre^orregl^ LTgeT '-• PUtatiVe 

-^^^^ "^ 

quences, xntervenang sequences which are 
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part of the PAL gene sequence) and an open reading frame 
("ORF") comprising 68 amino acids of the amino-terminal 
PAL protein with the entire ORF of 6-glucuronidase 
("GUS") followed by a polyadenylation and 
transcriptional termination region of nopaline synthase 
(the later two elements are typically fused in most 
eukaryotic plant expression vectors to ensure efficient 
expression) . While this initial construct did exhibit 
strong activity in some plants, the researchers 
thereafter created deletions in the PAL promoter regions 
of the hybrid gene. The minimum PAL promoter necessary 
for full expression was found to be 253 base pairs from 
the transcriptional start site of PAL. By varying the 
deletion patterns chiefly within this minimal region, 
the researchers found that tissue-specific expression 
could be modified to a degree. 

U.S. Patent No. 5,034,322 generally relates to use 
of nopaline synthase promoters with a ribulose-l. 5-bis- 
phosphate carboxylase small subunit gene. 

It has also been reported that a chimeric promoter 
called "Mac," which incorporates the mas region from +65 
to -301 and the 35S enhancer region from -90 to -941, 
shows GUS activity at a level several times that of a 
double CaMV 35S promoter in transgenic tobacco plants 
Comai et al.. Plant Mol. Biol. 15: 373-81 (1990). 

The above-described constructs have exhibited 
several limitations in terms of expression efficiency 
and controllability. For example, prior approaches have 
failed to provide strong expression in a constitutive- 
like manner in circumstances where such expression is 
desired. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide chimeric regulatory regions for improved 
expression of genes in plants. 
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It is another obiect o-f f>, fi ^ 
provide chimeric r gulatorv V invention to 

Procters and upstream T 51 ° nS *"** 

"Pstream activating sequences from 

sequences fro* Agrobacterium tumefacie**. 

to provide' ^° ther ° b3e0t ° f ^ P "" nt in ™"°» 
in pLnts lndU=ible eXP " SSi - «* '"sign 9 enes 

provid" tllZlT I bjeCt ° f ™* t° 
cassettes °°<*>^ — 

in accomplishing these and other objects th.~ • 

dtiCe^r: 9ene ^^sr^r-- 
.nthaire-n: srsirEr opine 

*ETT~ «— synthase gene The 
first and second bacterium tumefacienl opine 
synthase genes are preferahi,, +u 

,ene or the ^TlllTall ^ mannopine synthase 

invent"::^^: 1 !: ^ ~ « «- present 

Provided chimeric regulatorv 

same or different " Ved fron **• 

synthase genes suet !s tUmefacleDS 

synthase. Mdlt!o^ll " "* Syntha " "* ° Ct °P in * 

Additionally, one or both of the upstream 
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activating sequences and the promoter can be derived 
from the same Agrobacterium tumefaciens opine synthase 
gene. 

In accordance with yet another aspect of the 
present invention, there are provided gene cassettes 
containing a gene to be expressed operably linked to a 
chimeric regulatory region, as described above. A gene 
cassette also can include transcription terminators and 
polyadenylation signals, such as the nopaline synthase 
polyadenylation signal. 

In accordance with yet another aspect of the 
present invention, there is provided a cassette for 
inducible expression of a foreign gene comprising a 
foreign gene operably linked to a regulatory region 
comprising a promoter derived from a mannopine synthase 
gene of Agrobacterium tumefaciens and an upstream 
activating sequence derived from a mannopine synthase 
gene of Agrobacterium tumefaciens. The regulatory 
region can also comprise an upstream activating sequence 
derived from an octopine synthase gene of Agrobacterium 
tumefaciens. 

In accordance with still another aspect of the 
present invention, there are provided methods of 
expressing genes in a plant, comprising the steps of 
linking a gene to a chimeric regulatory region according 
to the present invention; inserting the gene and the 
chimeric regulatory region into a plant; and allowing 
the plant to express the gene. 

In accordance with still another aspect of the 
present invention, there are provided plasmids and 
transgenic plants comprising chimeric regulatory regions 
and gene cassettes of the present invention. 

Other objects, features and advantages of the 
present invention will become apparent in view of 
discussion, data and figures contained herein. 
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BRIEF DBffHRTPTTnw TKR PT^ ^p 

figure l depicts schematically the structure of 
chimeric M s and ocs based regulatory regions. Arrows 
^cate the orientation o f the upstream activating 
sequence relative to the mas or ocs promoters. Humbers 

inttLT " UCle0tlde POSitio " «^tive to transcription 
Ration sites. A trimer of the ocs upstream 
activating sequence was used in constructs 3 and 4 A 
monomer or trimer of the ocs upstream activating 
sequence were used in constructs 5 and 6 

FIGURE 2 depicts the GUS Activity of mas 

promoter-based constructs in extra<-(-= » v. 

ln extr a<=ts of tobacco primary 

transformers. GDS activity was assayed using total 
protein prepared from leaf (graph A) . stem (graph B) or 
root (graph c, tissue. Each bar represents L activity 
are as" d" 1 ^" »» <"«erent constructs 

of individual transgenic plants assayed for each 
construct is represented by ■».. a, average Gus 
activity for each construct is represented by an 

A - activating sequence; P = promoter; 
(Aocs), = trimer of the ocs activating sequence. 

FIGURE 3 depicts the GUS Activity of mas promoter 
Plus activating sequence based constructs in eLacts of 
usinH tranSf ° raa "- « «tivity was assayed 

(grZ bT Pr ° tein PreParSd 1Sa ' (9 "* h *> • 

(graph B) , or root (graph C) tissue. Each bar 

represents the activity of an individual transf ormant . 

The number of individual transgenic plants assayed for 

each construct is represented by -„.- The different 

constructs are as indicated at the bottom of the graph 

The average GUS activity for each construct is 

represented by an -x.» a = activating sequence; P . 

promoter; AocsAmasPmas . monomer of the ocs activating 

sequence linked to the mas activating sequence plus 

promoter; (Aocs) 3 AmasP„as = trimer of the ocs activating 
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sequence linked to the mas activating sequence plus 
promoter . 

FIGURE 4 depicts the GUS Activity of ocs 
promoter-based constructs in extracts of tobacco primary 
transf ormants . GUS activity was assayed using total 
protein prepared from leaf (graph A) , stem (graph B) , or 
root (graph C) tissue. Each bar represents the activity 
of an individual transf ormant . The different constructs 
are as indicated at the bottom of the graph. The number 
of individual transgenic plants assayed for each 
construct is represented by "n. M The average GUS 
activity for each construct is represented by 
H x.'» A = activating sequence; P = promoter; Anas' = mas 
region -213 to -318; Amas" = mas region -111 to -318. 

FIGURE 5 depicts the GUS Activity of ocs promoter 
plus activating sequence based constructs in extracts of 
tobacco primary transf ormants. GUS activity was assayed 
using total protein prepared from leaf (graph A) , stem 
(graph B) , or root (graph C) tissues. Each bar 
represents the activity of an individual transf ormant . 
The different constructs are as indicated at the bottom 
of the graph. The number of individual transgenic 
plants assayed for each construct is represented by "n." 
The average GUS activity for each construct is 
represented by »x. »• A - activating sequence; P = 
promoter; Amas» - mas region -213 to -318; Amas' • » mas 
region -111 to -318. 

FIGURE 6 depicts approximate levels of expression 
of GUS activity of double CaMV 35S and Mac promoters in 
leaves (double 35SL, MacL) , stems (double 35SS, MacS) , 
and roots (double 35SR, MacR) of several transgenic 
tobacco plants. 

FIGURE 7 depicts schematically the constructs used 
in the inducible expression studies. M UAS" = upstream 
activating sequence; "proas" = mas Promoter; "GUS" - B- 
Glucuronidase Gene; and "NOS" - nopaline synthase poly- 
adenylation signals. 
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FIGURE 8 depicts the level of GUS activity in 
purified mature nematode e ggs . Assays Were conducted 
P H 5.5 and 7.5 to cheek for v^~4- 

activities. bacterial or animal GUS 

FIGURE 9 depicts nematode-induced GUS activity in 

P ~tr:T nic piants - panei a is ~ 

plants that have the P»as promoter but lack an 

thatT 1 " 9 SBqUmCe - Panel • K transgenic plants 
that have a AmasPmas Promoter. Panel c is for 

transgenic plants that have a AocsAmasPmas Promoter. 

PET^Lsn BBasBHziaa az ima rTtimrn 

The present invention relates to chimeric 
regulatory regions comprising various upstream 
actuating sequences and promoters from Agrobact.rium 
tumefaciens opine synthase genes useful for controlling 

zzvi: : f £orei9n genes - * 

plant" n^his " *" ^ 

^erted into tJ^JZ'J. TZ^l'ZZ 
that plant in the location of insertion, even if the 
gene originated from the plant being transformed, 
inventive constructs according to the present invention 
are also disclosed in n c , • . invention 
.,,„. "Closed in U.S. application serial No. 
08/155,067, filed November l 9 , 1993 , which is 
incorporated by reference. 

orese« y - tyPe .° f ,ene - encode <» Product is amenable to the 
Present invention. Poreign genes to be expressed in 

are no'tT TT ^ Pr "" t ^ *>t 

are not limited to 6-glucuronidase ; genes encoding 

insecticidal and fungicidal toxins; pathogen Stance 

compounds; hypersensitive response compounds, such as 

peroxidases, glucanases and chitinases. as well as 

phytoalexins; pesticide, herbicide and fungicide 

tolerance genes; plant enzymes, such as those related to 

inhabit"' f " C ° ntent ' ™^ 

inhibitors such as protease and amylase inhibitors" 
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plant hormones; insect hormones and pheremones; 
pharmaceutical and nutritional compounds, such as 6- 
carotene; vitamins and antibodies, including fragments 
and single-chain derivatives of antibodies; and 
antisense transcripts to interfere with nucleotide 
sequences present within the plant. See, e.g., Kung and 
Wu, TRANSGENIC PLANTS, vol. 1 (Academic Press 1993). 

In general, the native mannopine synthase promoter 
plus activating sequence, or the native octopine 
synthase promoter plus activating sequence, is 
relatively weak in the tissues of transgenic tobacco 
plants (GUS activity from linked gusA reporter genes is 
a few hundred to a few thousand GUS activity units) . In 
accordance with the present invention, stacking the UAS 
from these genes upon a promoter plus activating 
sequence markedly increases the GUS activity from a 
linked gusA gene up to two orders of magnitude, 
resulting in activities up to hundreds of thousands of 
GUS activity units. Histochemical examination of the 
tissues of transgenic tobacco plants expressing these 
inventive promoter-grusA fusion genes reveals that the 
novel promoter and activating sequence combinations 
according to the invention function in most plant cell 
types. Thus, these combinations (chimeric regulatory 
regions) can be much more constitutive than the 
promoters known previously in the art. 

The invention relates to improved plant regulatory 
regions capable of strong and continual promotion of 
gene expression. Additionally, tissue-nonspecific 
and/ or tissue-enhanced expression can be obtained. 
Choice of activating sequences and promoters in 
accordance with the invention will yield the desired 
type of expression. 

The inventive chimeric regulatory regions have 
demonstrated stronger expression characteristics in 
tobacco than any other known regulatory regi n. 
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on, and potentially useful i' 'P«-»»ently turned 

tissues t h a„ th . reUat^^"^^ « — 
The invention relet,/.. Prlor «*• 

—n tor 9ene expr ^:r:„ s ; ^r^r latory 

an upstream activating eo * Aairc s, which can comprise 

activating seguence derived -> 
^roiaoteriu., tuaefaciens opine synth^ 
linfced to a promoter seguenc derived V'"*' W 

second ^aote^^nr 0 ~ ^ > 
The chimeric regulator • s y nth ^ gene. 

Mention can oe oper^l" 7^.1^™° * ^ 
sequence, which can k= foreign gene 

functional ^Z^ZT^ZT *° 3 PlMt - 
to a plant-functional polyadenvla" . th "\ ""ked 
The chimeric regulator rl^T "*»»•. 
of the invention vuTL 2 .^"^ to °"* aspect 
constitutive. ^ lnsta "oes be highly 

• in ^JZ^Z^ZTT" - a -guenc. which 
in advance of the native tr ^ l °° "air. 

=an exert inHue ce 1 ^r" 1 '" 0 " 1 Slte ' and 

and mannopine synthas" ZlTltT^T T " 
this regard. These UAS «nth Pa " lcul a«y useful in 
Procter seguence or ^ , OPerabIy lln *ed to a 

and propter 9 seguence deriveTfT" ~* 

-ionTirp^TanTu" T *" "» ~ - « 
refers to situations whe^e T ""^""9 aeguences 

"derived- is ohtainedto r ttat 
occurring dna region or oth.. 3 nat urally- 

0K A region that Is -derived: caTIi" ^ re9l ° n - 

can differ, usually through 
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deliberate mutation , from the naturally-occurring DNA 
region or other source DNA region. 

The phrase "operably linked" refers to a first 
sequence (s) being positioned sufficiently proximal to a 
second sequence (s) so that the first sequence (s) can 
exert influence over the second sequence (s) or a region 
under control of that second sequence. For instance, an 
UAS can be operably linked to a promoter, whereby the 
UAS enhances the transcriptional strength of the 
promoter. In this situation, the UAS would typically be 
5 1 to the promoter. The UAS and promoter can, in turn, 
be operably linked to a gene so that the gene will be 
expressed under the control of the UAS/promoter 
combination, which would typically be 5 ■ to the gene. 
Usually, a promoter would be within about 3 0-50 base 
pairs from the start site of transcription and within a 
few hundred base pairs from the start site of 
translation. An activating sequence is usually within a 
few hundred basepairs of a promoter. For example, most 
activating sequence are within about 3 00 to 4 00 
basepairs of the promoter that is enhanced. In 
embodiments of the invention where more than one 
activating sequence is employed, the activating 
sequences are usually within about 100 to 200 basepairs 
of each other. 

A chimeric regulatory region according to the 
invention can be constructed wherein the source opine 
synthase genes are different from each another, and are 
preferably selected from the group of opine synthase 
genes consisting of mannopine, octopine, nopaline, and 
agropine synthase genes. 

The expression of GUS activity directed by the 
native mas and ocs promoters plus activating sequences 
is limited to specific cell types. Operably linking an 
ocs activating sequence to the mas promoter plus 
activating sequence, as well operably linking a mas 
activating sequence to the ocs promoter plus activating 
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Preferentially ^^^^^^T^ *" 
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fungi, and also will have applications against insect 
pests and leaf pathogens. For example, genes encoding 
nematocidal toxins and proteins that interfere with the 
nematode reproductive cycle can be used with the present 
invention . 

Pathogen infestation induces the chimeric 
regulatory regions using the mannopine synthase promoter 
with either the mas or ocs activating sequences, as 
described above. A variety of genes useful for pathogen 
resistance are discussed in Keen, Plant Molec. Biol. 19: 
109-22 (1992). 

Transcriptional elements, such as promoters and 
upstream activating sequences, of the opine synthase 
genes can be readily obtained based upon available 
sequence information. For example, transcriptional 
elements for the octopine synthase genes are disclosed 
in Leisner et al., Proc. Nat'l Acad. Sci USA 85: 2553-57 

(1988) ; Leisner et al., Plant Cell l: 925-36 (1989). 
Transcriptional elements for the mannopine synthase 
genes are disclosed in DiRita and Gelvin, supra, Fox et 
al., Plant Molec. Biol. 20: 219-33 (1992); Leung et al., 
Mol. Gen. Genet. 230: 463-74 (1991); Langridge et al . , 
Proc. Nat'l Acad. Sci USA 86: 3219-23 (1989). 
Transcriptional elements for the nopaline synthase genes 
are disclosed in Ha et al., Nucl. Acids Res. 17: 215-23 

(1989) ; Mitra et al . , Mol. Gen. Genet. 215: 294-99 
(1989); Ebert et al., Proc. Nat'l Acad. Sci USA 84: 
5745-49 (1987) An et al . , Mol . Gen. Genet. 203: 245-50 
(1986). Transcriptional control elements for the 
agropine synthase gene are disclosed in Bandyopadhyay et 
al., J. Biol. chem. 264: 19399-406 (1989). Additionally, 
the overall sequence of a T-DNA is disclosed in Barker 
et al., Plant Molec. Biol. 2: 335-50 (1983). 

Various expression levels and patterns can be 
obtained by following the teachings contained herein. 
The amount and pattern of expression obtained by a given 
embodiment can be evaluated by marker systems, such as 
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promoter in tobacco calli and plants when stably 
incorporated into the plant genome. Leisner and Gelvin, 
1988 and 1989 supra; Kononowicz et al.. Plant Cell 4: 
17-27 (1992). 

A second group of chimeric regulatory regions were 
constructed as translational fusions to an uidA gene 
based upon two ocs deletions at positions -333 and -lie 
from the transcription initiation site (constructs 8-16 
of Figure 1) . Two mas upstream activating sequence 
regions were created, a short mas region containing 
sequence from -213 to -318 was used in constructs 9-12 
of Figure 1. A long mas region containing sequence from 
-111 to -318 was used in constructs 13-16 of Figure l. 
A short or long mas region was added upstream of the two 
ocs deletions. 

The chimeric constructs were prepared as follows. 
The basis of all constructs was the binary vector 
PBI101.2 from Clontech. Plasmid pBI10l.2 is based upon 
the replicon pRK290. Plasmid pBH01.2 contains T-DNA 
borders, a nos-nptll chimeric gene for kanamycin 
selection in plants, and a promoterless GUS gene 
followed by a polyadenylation signal. The mas promoter 
region was obtained from a EcoRV-Xbal fragment, which 
contains a region that is -138 to +65 relative to the 
transcription initiation site (base pairs 20128 to 
20343) from P Kan2-l38. Barker et al., Plant Mol . siol . 
2: 335-50 (1983); DiRita and Gelvin, supra. The mas 
activating sequence and promoter region, -318 to +65 
relative to the transcription initiation site (base 
pairs 20128 to 20513) from P Kan2-318 were initially 
cloned into the Smal-xbal sites of CUp31 (a puci3 
derivative having a P UC13 backbone but containing a 
polylinker reading 5- to 3 • as HindHI, PstI, SstI, 
Smal, BamHl, Xbal) . The resulting Hindlll-Xbal 
restriction endonuclease fragments from CUp3l were 
subsequently r cloned into th flindlll-Xbal sites of the 
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of pLH3 (creating constructs 9 and 10) and pNi3 
(constructs 11 and 12). Similarly, a longer Xhol-Mnll 
mas activating sequence fragment, -318 to -111 relative 
to the transcription initiation site (base pairs 20513 
to 20305) from pKan2-318 was made blunt using Klenow 
fragment. Linkers for XJbal were added, and. the fragment 
cloned in both orientations into the Xbal sites of pLH3 
(generating constructs 13 and 14) and pNi3 (generating 
constructs 15 and 16) . 

Each of the above constructs were subsequently 
transformed into E. coli DH5a grown at 37 °C in LB medium 
with kanamycin. Orientations of inserts were verified 
by restriction mapping. The plasmid pBI121 (Clontech) , 
containing a 800 bp ffindlll-BamHI fragment with the CaMV 
35S promoter, was used as a control to compare the 
relative strengths of the chimeric regulatory regions. 

Recombinant plasmids containing the inserts were 
mobilized into A. tumefaciens LBA4404 by a triparental 
mating procedure using E. coli MM294 harboring the 
mobilizing plasmid pRK2013. Hoekema et al.. Nature 303: 
179-80 (1983); Ditta et al., Proc. Nat'l Acad. Sex. 77: 
7347-51 (1980). In LBA4404, the recombinant plasmids 
remain as independent replicons ("binary vectors") , 
which can be transferred to plants and thereafter 
integrated into the plant nuclear DNA. Other methods, 
such as electroporation, can also be used to transform 
A. tumefaciens cells with plasmids. 

Agrobacterium tumefaciens transconjugants were 
selected on AB minimal medium plates containing 0.5% 
glucose, 10 ng/ml rifampicin, and 50 pq/ml kanamycin. 
Lichtenstein and Draper, DNA CLONING: A PRACTICAL 
APPROACH (Glover ed., Oxford-IRL Press 1986). The 
introduction of the mobilized plasmid into the recipient 
A. tumefaciens strain was verified by DNA blot analysis. 

Leaf disks from six-week old sterile shoot tip 
cultures of Nicotiana tabacum var. Wisconsin 38 were 
transformed via A. tumefaciens containing the constructs 



WO 95/14098 

PCT/US94/12946 

- 20 - 

using a leaf ais)c transformation method. Horsch et aZ 
S " SBCe 237 = ("85,. mfected leaf disks were" 
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induct! tlCS - . D1SKS «»» transferred to fresh shoot 

200 " x k 0ntaini " 9 1250 " 9/1 ^"iciilin and 

J 1 " 2 ', Mter four *° "ve weeks, a single shoot 
from each leaf disk was transferred to root induction 
medium containing 500 mg/1 carbenicillin and 50 mg/1 
kanamycin. After two weeks, the shoot tips were 

foliTaT int ° " ediU " (MS " ediu » fining ! mg/1 

klet T ' Mg/1 ind ° le aC " iC aCid < '0 mg/1 

kinetin, containing so mg/1 kanamycin to maintain in 
vitro shoot tip cultures of each line. 

^ The regenerated transgenic tobacco plants 
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leaves nearby stems, and actively growingToung roots 
When plants were at the 10 to 1 2 leaf stage! The 
tissues were ground in 200 „1 extraction buffer and 

Blotoly^V 0 ''- Je " erSOn ^ W11S °"' "*« MOLECULAR 
UtT \ n .'. SOhilPer ° 0t «" - «™« A«d. Press 

anl wUsL u* ^ ^ aCC ° rding t0 *•«•«« 

and Wilson using 10 „1 extract (about 20 to 30 „g 

Protein) and MUG M-methylumbelliferyl-6-D-glucuronide, 
as substrate. T he protein concentration was measured 
according to Patterson, Ahelvt. siochem. 33: 34^ 

individual transgenic plants containing the same 
construct exhibited a range of GUS activity'csee n^res 
2-5) . However, by measuring GOS activity in a largf 
number of plants containing the same construct, the 

cLLT Stre " 9th ° f SaCh ° himeri<: «^«ory ^gion 
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GUS activities could be • 

detected using constructs in 
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opposite orientations , the data from each two-member 
construct sub-group were pooled (3 and 4, 5 and 6, 9 and 
10, 11 arid 12, 13 and 14, and 15 and 16). 

In all tissues examined, expression directed by the 
mas -138 deletion resulted in a minimal background level 
of GUS activity (Figure 2, construct 1). Addition of 
the native mas activating sequence to the minimal mas 
promoter resulted in construct 2, which directed a low 
level of GUS activity in both leaf and stem tissues, 
averaging approximately 1000 units (Figure 2, graphs A 
and B) . Relatively strong GUS activity in root tissue 
for this construct was observed, averaging approximately 
12,000 units (Figure 2, graph C) . These results 
indicate that this mas promoter and activating region 
accounts for the root-preferential expression of the 
mas2 % promoter, discussed above. Replacement of the mas 
activating sequence with a heterologous ocs activating 
sequence (as a trimer) upstream of the -138 mas deletion 
(constructs 3 and 4) did not substantially alter the 
level of GUS activity relative to the homologous mas 
activating sequence and promoter combinations in both 
leaf and stem tissues (Figure 2, graphs A and B) . Taken 
together with the data that indicates that the 
expression of the ocs activating sequence and promoter 
is not substantially higher in the root than in the leaf 
(see below, construct 8), the data suggest that the 
root-preferential expression of the mas promoter is 
conferred by an element within 138 bp of the mas 
transcription initiation site. The quantitative level 
of expression of this tissue-specific pattern can be 
further enhanced by either the ocs activating sequence 
or the mas activating sequence. 

A homolog of the AS-l tandem repeat motif (Lam et 
aZ., Proc. Nat'l Acad. Sci USA 86: 7890-94 (1989)) in 
the mas promoter region at position -66 has been 
identified. This element, when found in the CaMV 35S 
promoter, interacts with the transacting factor ASF-l 
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results indicate that, at least in leaf and root tissue, 
the addition of multiple copies of the ocs activating 
sequence had a surprisingly powerful amplifying effect 
upon the relative activity of the mas2 1 promoter and 
activating sequence. 

Assays indicated that the activity of the CaMV 35S 
promoter in the leaves of transgenic plants (averaging 
200 pmole/min/mg protein) was comparable with the data 
of Comai et al.. Plant Afol . Biol. 15: 373-81 (1990). 
Duplicating the 35S enhancer resulted in a two-fold 
increase in GUS activity in the leaves. Comparing the 
data from Comai et al., loc. cit. with the data obtained 
with the inventive constructs, the chimeric regions of 
constructs 5 and 6 directed respectively 156-fold and 
2 6-fold stronger GUS expression in leaves than did the 
35S promoter and the enhanced double 35S promoter, 
respectively . 

Seed from T2 generation tobacco plants containing 
double 35S-GUS or Mac-GUS constructs were also tested. 
Measurements of* GUS activity in the leaves of these 
transgenic plants confirmed the relative strengths of 
the promoters as discussed above. Table I below depicts 
average GUS activity in the leaves of transgenic tobacco 
plants harboring various promoter-uidA fusions. 
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Table 1 



Promoter/ Activating Sequence Construct 



GUS Activity 
(pmole/min/mg protein) 



10 



15 



20 



25 



Pmas 

AmasPmas 
(Aocs) 3 Pmas 
AocsAmasPmas 
(Aocs) 3 AmasPmas 
Pocs 

AocsPocs 
Amas 'Pocs 
Amos' AocsPocs 
Amas"Pocs 
Amas" AocsPocs 
CaMV 35S 
CaMV Double 35S 
Mac (A35SAmasPmas) 



1 
2 

3 and 4 
S and 6 
S and 6 
7 
8 

9 and 10 
11 and 12 
13 and 14 
15 and 16 



69 a 
987 a 
1213* 
5474 a 
22142* 
0* 
566* 
66* 
13957* 
138* 
1617* 
142* 
850 b 
5230 b 



30 



*Average GUS activity among all primary transf ormants . 

Average GUS activity among the Fl progeny of a primary 
transf ormant expressing high GUS activity (Comai et al . , 
supra) . 

Table II below shows the average GUS activity found 
in leaves of Fl generation transgenic tobacco plants 
harboring various promoter-uidA fusions. 
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a. 



b. 



The first number indicates ■ 
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10 



15 



20 



25 



30 



35 



A series of chimeric constructs, based upon the ocs 
mxnxmal promoter (-lie to +296) , were tested to evaluate 
strengths and patterns of tissue-specif ic expression. A« 
shown in Figure 4, the ocs activating sequence and 
promoter (construct 8, Figure 1) directed a low and 
relatively uniform level of GUS activity (averaging 
between 200 and 400 pmole/min/mg protein) in the leaf 
stem, and root tissues of transgenic tobacco plants. ' 
Replacement of the ocs activating sequence with a short 
versxon of the mas activating sequence (from -213 to 
-318; constructs 9 and 10) resulted in a chimeric 
construct that directed only a low level of GUS activity 
m all tissues examined. 

A longer version of the mas activating sequence 
(from -in to -318) upstream of the minimal ocs promoter 
(constructs 13 and 14) was also tested. These constructs 
directed a slightly increased level of GUS activity, but 
only in root tissue. m addition to the AS-1 homologue 
found at -66, a sequence similar to the AS-l element also 
exists at position -290. Although this sequence is also 
present in the short version of the mas activating 
sequence, other sequences between -213 and -103 
apparently are necessary to direct root-preferential 
expression. 

A short version of the mas activating sequence (-318 
to -213; constructs li and 12, was next placed upstream 
of the ocs activating sequence plus promoter. Compared 
to a construct containing only the ocs activating 
sequence plus promoter (construct 8) , these constructs 
directed 6-fold, 2.5-fold, and 15-fold increases in GUS 
actxvxty in leaf, stem, and root tissues, respectively 
(see Fxgure 5) . The expression of these constructs was 
slxghtly root-preferential, suggesting a possible 
interaction of the AS-l-like element with the ocs 
actxvating sequence. Interestingly, constructs 
containing a longer version of the mas UAS (affixed to 
the ocs activating sequence and promoter; constructs 15 
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and 16) directed a slightly lower level of GUS activity 
than did constructs (11 and 12) containing the shorter 
mas activating sequence (see Figure 5). Nevertheless, 
the "stacking" of both the ocs and mas activating 
sequences 5 1 to the mas promoter resulted in a large 
increase in promoter strength relative to the ocs 
activating sequence and promoter alone. 

EXAMPLE 2 Correlation between T-DNA copy number and 

GUS activity in transgenic tobacco plants 

To determine the relationship between T-DNA copy 
number and GUS activity, genomic DNA from 16 transgenic 
plants containing either construct 5 or construct 11 were 
analyzed. First, genomic DNA was extracted from plant 
tissues and digested to completion with HindXll. Rogers 
and Bendich, PLANT MOLECULAR BIOLOGY (Gelvin and 
Schilperoot eds., Kluwer Acad. Pub., 1992). Ten 
micrograms of DNA was digested with fTindlll, the 
fragments separated by electrophoresis through a 1.0% 
agarose gel, and the DNA eluted onto a nylon membrane 
using a capillary transfer procedure. Maniatis et a!., 
MOLECULAR CLONING: A LABORATORY MANUAL (Cold Spring 
Harbor 1982). Nucleic acids were fixed to the membrane 
by baking for 2 hours at 80 °C under vacuum. Pre- 
hybridization was conducted for 2-4 hr at 65 °C in 1.5x 
SSC ( ix SSC is 0.15 M NaCl, 0.015 M Na citrate), 1.0% 
SDS, 0.5% Blotto, and 0.5 mg/ml sheared salmon sperm DNA. 

Hybridization was performed at 65 °C overnight in 
fresh solution with a probe containing the GUS coding 
region sequence (an Xbal-Sstl restriction endonuclease 
fragment from pBI101.2) that was labeled with 32 P-dCTP. 
After completion of hybridization, the membrane was 
washed successively for 15 minutes at room temperature in 
the following solutions: 2x SSC/ 0.1% SDS, 0.5x SSC/ 0.1% 
SDS, O.lx SSC/0.1% SDS. The final wash was done for 30 
minutes with O.lx SSC/ 1.0% SDS at 50 °C. 

Using this combination of restriction endonuclease 
and hybridization probe, the number of T-DNA copies could 
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be estimated based on the number and intensity of 
varL "re" bandS - 11,6 nUtoer ° f =opie S 

the uidA gene. »-«*Pl«, integrated copies of 

Because GUS activity was used as a Measure of 
expression strength it t». _ of 
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MOLECULAR BXOLOCV CGeivin and SchUpe O o s' ^ er 
Acad, pub iqqo\ eus., Kluwer 

Fui.., 1992). p iV e m in igrain s amp les were 
fractionated by formaldehyde gel electron* J! . 
a 1.2% agarose gel i„ M OP S/ED t A buffer ^om ^ 
EDTA OH 7 n\ * „ ' 1A bUffer ( 50 *M MOPS, 1 mM 

DTA, P H 7.0), followed by blotting onto a nylon 
membrane. The integrity of the RNA was checked bv 
agarose gel electrophoresis and ethidium brol.e " 
staining. The fluorescence of the nucleic acid! 
served to verify that 1C acids also 

eriry that equal amounts of RNA were i n ^^ • 
each lane. Hvhn'H^,*^ were loaded in 

above ,or ,IL ^ ^ — " — 

washedT' CO " Pletl ° n ° f h ^ridization. the nem brane was 
vashed successxvely for is .inutes at roc* tenure" 
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the following solutions: 2x SSC/0.1% SDS, 0.5x SSC/0.1% 
SDS, O.lx SSC/0.1% SDS. The final wash was done for 30 
minutes with O.lx SSC/1.0% SDS at 60 °C. 

The RNA blot analysis, using a hybridization probe 
5 derived from the GUS coding sequence, revealed a 

transcript of the expected size (approximately 2300 
nucleotides) . There was a close correlation between GUS 
activity and the steady-state level of uidA mRNA, which 
is contrary to the reports from Hensgens et al. 

0 

EXAMPLE 4 Modulation of cell-specific GUS expression 

patterns by different combinations of ocs 
and mas promoters and activating sequences 

5 Histological examinations of transgenic tobacco 

tissues to determine the cell-specific patterns of GUS 
activity. These patterns of expression were revealed by 
histochemical staining of thin sections of plant tissue 
with X-gluc. 

0 These histochemical studies were conducted according 

to Jefferson and Wilson, supra. Briefly, the plant 
materials were prefixed for 20-40 min with 0.1-0.3% 
formaldehyde, 0.1 M Triton X-100, 0.1 M phosphate buffer 
(pH 7.0), rinsed with 0.1 M phosphate buffer, and stained 

5 with 1-2 mM X-gluc (in 0.1 M Triton X-100, o.l M ETDA, 

0.1 M phosphate buffer) for 2-14 hours. After refixation 
for two hours using 3-5% formaldehyde in 0.1 M phosphate 
buffer, the samples were cleared using 70% ethanol, 
embedded in paraffin, and sectioned (12-18 mm) using a 

0 rotary microtome. The tissue sections were 

counter-stained with 1.0% periodic acid-0.5% Schiff «s 
reagent ("PAS H ) . 

There was no detectable GUS activity in any cell 
type of leaf tissue examined from plants containing the 

5 mas promoter but lacking an activating sequence 

(construct 1) . Plants containing a chimeric uidA gene 
under the control of the native mas activating sequence 
plus promoter (construct 2) showed moderate GUS activity 
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vascular tissues. A similar pattern of GUS activity was 
observed in leaf vascular tissu whether or not a short 
mas activating sequence was added to the ocs activating 
sequence plus promoter. However, activity was greatly 
increased in parenchyma, ray, and phloem cells. GUS 
activity was undetectable in plants, containing a mas 
activating sequence linked to an ocs promoter (constructs 
9 and 10) . 

The mas activating sequence plus promoter (construct 
2) directed weak expression of GUS activity in the stalks 
of glandular trichomes, but strong expression in the 
heads. Operably linking a trimer of the ocs activating 
sequence to the mas activating sequence plus promoter 
(constructs 5 and 6) resulted in a similar pattern of 
expression; however, the relative level of GUS activity 
was strongly elevated in the stalk cells. The expression 
of GUS activity in trichomes directed by constructs 
containing a short mas activating sequence linked to an 
ocs activating sequence plus promoter (constructs li and 
12) was strong in the heads of glandular trichomes, but 
weak in the stalk cells. 

In the stems of transgenic plants, the mas 
activating sequence plus promoter (construct 2) directed 
weak expression of GUS activity in cortical cells. 
Strong GUS activity was observed in ray and phloem cells, 
but expression in xylem trachid cells was relatively 
weak. This pattern did not vary even if there were a 
trimer of the ocs activating sequence cloned upstream of 
the mas activating sequence plus promoter (constructs 5 
and 6) . When the mas activating sequence was replaced by 
a trimer of the ocs activating sequence (constructs 3 and 
4), a different pattern was observed. Expression of GUS 
activity was still strong in phloem cells, but was now 
weak in ray and xylem trachid cells. In contrast to the 
mas activating sequence plus promoter, the ocs activating 
sequence plus promoter (construct 8) directed relatively 
weaker expression in ray and phloem cells, but strong 
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Addition of a "short" version of the mas activating 
sequence to the ocs activating sequence plus promoter 
increased the level of GUS expression 2- to 20-fold. 
This increase in activity was greatest in leaf tissues. 
Combining multiple copies of the ocs activating sequence 
with the mas activating sequence plus promoter resulted 
in a transcriptional regulatory element that in leaves 
was approximately 156-fold stronger than the 35S 
promoter, 26-fold stronger than the "enhanced" double 
CaMV 35S promoter, and 4.2-fold stronger than the "Mac" 
and "Big Mac" promoters described in Comai et al.. Plant 
Hoi. Biol. 15: 373-81 (1990) (See Figures 2 and 3 and 
Table l) . Data concerning the double 35S and Mac 
promoters for leaf ("L") , stem (" S ") and root ("R") are 
15 presented in Figure 6. it should be noted that the 

stronger activity of the chimeric promoters, represented 
by constructs 5 and 6, relative to the double CaMV 35S, 
Mac, and Big Mac promoters are minimal estimates, in 
addition, histochemical analysis of the cells of 
transgenic plants harboring these constructs revealed 
that these "stacked" activating sequences directed the 
expression of GUS activity in almost all cell types. For 
example, strong expression of GUS activity could be 
detected in xylem and leaf epidermal cells, as well as in 
leaf mesophyll, guard, trichome, and phloem cells, in 
the stem, activity was detected in phloem, cortical, and 
parenchyma cells, m the root, GUS activity was present 
in the root tip and root hair, as well as in most cells 
in the mature parts of the root. 

The possible influence of plant growth conditions 
upon the different chimeric promoter-uidA constructs had 
to be accounted for. Hensgens et al.. Plant Mol. Biol. 
20: 921-38 (1992) reported three to ten times higher GUS 
activity in plant grown in vitro (rooted in sterile agar) 
compared to plants grown in soil in a greenhous . 
Additionally, it has been found that the leaves of plants 
grown in soil under environmentally controlled conditions 
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express lower levels of GUS activity than do in vitro 
grown plants. However, the relative levels of GUS 
activity directed by the various regulatory regions 
remained approximately the same regardless of how the 
plants were grown (Table 2, supra). in addition, the 
relative strengths of the various chimeric regulatory 
regions in the leaves of Fl progeny of self-pollinated 
transgenic tobacco plants were similar to those of the 
original transformed and regenerated plants (Table 2). 

A close correlation was found between the 
steady-state level of mRNA and GUS activity of a 
particular plant. This result verifies the reliability 
of using GUS activity assays as a measure of expression 
strength. This finding is contrary to those of Hensgens 
et al., supra, however. These opposite findings of 
Hensgens et al. could be due to their failure to use 
denaturing conditions for their RNA blot analyses. 

Comai et al., supra found that when plants were 
grown in soil, a mas2 • activating sequence and promoter 
region shorter than that used herein (-301, compared to 
-318) directed only io% of the GUS activity as did the 
CaMV 35S promoter. Inclusion of sequences upstream of 
-301 elevated the relative GUS activity to 40% that of 
the 35S promoter. Comai et al. concluded that a region 
upstream but close to -300 is required for full mas2 • 
promoter activity. The activity of the mas2 • promoter 
(-318) , used in experiments described herein, was 
slightly higher than that directed by the 35S promoter. 

Langridge et al., supra showed that the activity of 
a mas2<-lux fusion gene could be induced several-fold by 
hormones. Although the initial assays were performed on 
Plants grown in vitro in the presence of hormones, these 
growth conditions did not greatly affect the results 
which is demonstrated by similar relative levels of GUS 
activity exhibited in plants grown in soil. 

Langridge et al. also showed that in stems of 
transgenic tobacco, mas2 • promoter activity was maximally 
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express d in vascular tissues, whereas Saito et al., 
supra showed strong staining in the root cap and weaker 
staining in phloem cells of roots f tobacco. The data 
disclosed herein correlate well with these previous 
reports. However, Saito et al . detected GUS activity in 
the veins, but not in the mesophyll cells of leaves. In 
the experiments described herein, GUS activity was 
clearly detected in the mesophyll cells of leaves of 
transgenic plants harboring a mas2'-u±dA chimeric gene. 
Many of the results described herein also correlate with 
those of Leung et al. regarding the expression of the 
mas2 1 promoter in various tissues of transgenic tobacco 
plants. Leung et al . , however, did not detect GUS 
activity in stem vascular cells with their constructs. 

Combining heterologous ocs or mas activating 
sequence with a mas or ocs activating sequence plus 
promoter strongly enhanced the level of GUS activity in 
all tobacco tissues examined. These data show that the 
elevated expression of these chimeric regulatory regions 
results from a cooperative and synergistic interaction, 
rather than merely additive effects, between the positive 
regulatory elements found in these chimeric regulatory 
regions. 

EXAMPLE 6 use of chimeric regulatory regions in 

inducible expression 

Another aspect of the invention relates to promoter 
and upstream activating sequence combinations that are 
inducible by wounding or pest feeding. One combination 
developed (AmasPmas) is preferentially expressed in root 
tissue and induced upon pathogen attack while another 
(AocsAmasPmas) is more generally expressed, but is 
further induced by pest attack. These expression systems 
are useful for genes targeted to root pests, such as 
nematodes or fungi, and will have applications against 
insect pests and ther leaf pathogens. 

Chimeric regulatory regions were constructed using 
the core mannopine synthase promoter region which had 
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The solution was then washed through a 200 mesh screen to 
remove root debris and the eggs collected on a 500 mesh 
screen. The ggs were washed and numbers determined 
using a Nematode Counting Slide (Olympic Equine 
Products) . As a control, to test for the presence of 
endogenous GUS activity in nematodes, the eggs were then 
assayed at pH 5.5 and pH 7.5. GUS activity at pH 5.5 is 
due to endogenous expression originating from animal 
forms of the gene which would be considered background 
activity. The GUS activity at pH 7.5 is due to bacterial 
gene expression. GUS activity in mature nematode eggs 
was found to be minimal at both pH levels (Figure 8) . 
Weloidogyne incognita, therefore, does not contain either 
bacterial or animal GUS activities that would cause 
significant background activity problems in the assay due 
to presence of nematode eggs. 

Transgenic plants were infected with 10,000 purified 
nematode eggs and grown in sandy soil under greenhouse 
conditions for several months. Roots from mature plants 
were harvested and sites of nematode infection visually 
identified. Meloidogyne incognita infection sites can be 
visually identified by the formation of a root knot which 
contains the nematode and egg sack while uninfected sites 
have a normal appearance. Root knots were used to 
measure GUS activity for infected regions and normal root 
regions were used as the uninfected control. All 
comparisons between uninfected and infected roots were 
based on the same plants and therefore are free from 
position effects and plant to plant variation in gene 
expression. Induction of GUS activity was measured in 
construct 1 using plant number 7 (1-7) at pH 5.5 and 7.5 
(Figure 9, panel A). 

Levels of expression were low compared to transgenic 
plants containing constructs 2, 5, 6 indicating that the 
Pmas promoter alone only expresses basal levels f 
activity and is not inducible by nematode infection. 
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plants. Perlak et al . , Proc. Nafl Acad. Sci. USA 88: 
3324-28 (1991) discloses modifications to the crylA gene 
to replace sequences that are disfavored in plants. 
These modifications were found to increase the levels of 
5 active CrylA toxin. Similarly, Adang et al., supra 

discloses modifications to the crylllA gene for improved 
expression. Other members of the Bt toxin family would 
also be amenable to modification, as well as use with the 
present invention. Genes related to the hypersensitive 

10 response may also be employed. See Keen, supra. The 

present invention is not limited to any specific type of 
toxin or compound, however. Any type of insect icidal 
toxin or anti-insect compound that is encoded by genes, 
or produced by enzymes or other entities encoded by 

15 genes, can be used with the present invention. 

EXAMPLE 8 Chimeric regulatory regions controlling 

expression of genes for herbicide 
tolerance 

20 The chimeric regulatory regions of the present 

invention can be employed to express in transgenic plants 
genes that confer tolerance to herbicides. Tolerance to 
herbicides can be conferred by three primary approaches, 
namely: (i) plant-mediated detoxification of herbicides ; 

25 (ii) increased expression of herbicide targets; and (iii) 
mutation of herbicide binding sites. See Schulz et al., 
Crit. Rev. Plant Sci. 9: 1-15 (1990). Any of the above' 
approaches can be used with the present invention, 
although the first two approaches are better suited for 

30 the present invention. 

Several enzymes are known that are capable of 
detoxifying many of the commonly employed herbicides. 
For example, glutathione-S-transf erases confer tolerance 
to s-triazine and chloracetamide herbicides. See, for 

35 example, Schulz et al., supra; shah et al.. Plant Molec. 
Biol. 6: 203-11 (1986); Weigand et al., Plant Molec. 
Biol. 7: 235-43 (1986). Phosphinothricin has been 
inactivated by using a gene from Streptomyces 
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usually coat proteins and (ii) antisense RNA-mediated 
resistance. Beachy et al., Annu. Rev. Phytopathol. 28: 
451-74 (1990) provides a review of both approaches. 
Transgenic plants that express a viral coat protein 
rather than an antisense rna tend to show greater 
resistance to viruses. Beachy et al., supra; cuozzo et 
al., Bio /technology 6: 549-57 (1988). 

The regulatory regions of the present invention can 
be used to express any gene that would confer virus 
resistance in transgenic plants. For example, the amino 
acid sequences of many plant virus coat proteins are 
known, which permits a nucleotide sequence to be deduced. 
Additionally; the nucleotide sequences of viral coat 
protein encoding genes are known, which permits synthesis 
of accurate antisense rna sequences. These sequences can 
be expressed in a transgenic plant in order to obtain 
resistance. 

Cuozzo et al., supra discloses sequence coat protein 
sequences for the cucumber mosaic virus. Transgenic 
plants containing other viral sequences have been 
constructed. For example, Anderson et al., Phytopath. 
79: 1284-90 discloses transgenic plants that express coat 
proteins of tobacco mosaic virus and alfalfa mosaic 
virus. Hemenway et al., EMBO J. 7: 1273-80 (1988) 
discloses transgenic plants that express coat protein and 
antisense RNA for potato virus X. Huisman et al. j 
Gen. Biol. 69: 1789-98 (1988) discloses sequence for this 
Virus. Gerlach et al., Nature 328: 802-05 (1987) 
disclose transgenic plants that express satellite RNA of 
the tobacco ringspot virus. This satellite RNA 
ameliorates the disease symptoms of the ring spot virus 
Eggenberger et al.,j. Gen . viro2 . 70: 1853 _ 6Q disclose ' 
sequence from soybean mosaic virus. The use of the 
present invention is not lifted to any particular type 
of vxrus, however. Sequence from any type of virus can 
be used with the present invention. 
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It is to be understood that the description 
specie examples, fi gure s and data, while indicating 
preferred embodiments, are given by way of illustration 
and exemplifies and are not 

t tn nVenti0n ' V - io - ^nges and modifications 

Llled «t PrSS T inV6nti0n Wil1 beCODe ™* 
skilled artxsan from the discussion and disclosure 

contained herein. 6 
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What is claimed is: 



1. 



A chimeric regulatory region for expressing 
genes in plants comprising an upstream activating 
sequence derived from a first Agrobacterium tumefaciens 
opine synthase gene operably linked to a promoter derived 
from a second Agrobacterium tumefaciens opine synthase 
gene that is different from said first Agrobacterium 
tumefaciens opine synthase gene. 

2. A chimeric regulatory region according to claim 
1, wherein said first Agrobacterium tumefaciens gene is a 
mannopine synthase gene and said second Agrobacterium 
tumefaciens gene is an octopine synthase gene. 

3. A chimeric regulatory region according to claim 
1, wherein said first Agrobacterium tumefaciens gene is 
an octopine synthase gene and said second Agrobacterium 
tumefaciens gene is a mannopine synthase gene. 

4. A cassette for expressing a gene comprising a 
gene operably linked to chimeric regulatory region 
comprising an upstream activating sequence derived from a 
first Agrobacterium tumefaciens opine synthase gene 
operably linked to a promoter derived from a second 
Agrobacterium tumefaciens opine synthase gene that is 
different from said first Agrobacterium tumefaciens opine 
synthase gene. 

5. A cassette according to claim 4, wherein said 
first Agrobacterium tumefaciens gene is a mannopine 
synthase gene and said second Agrobacterium tumefaciens 
gene is an octopine synthase gene. 

6. A cassette according to claim 4, wherein said 
first Agrobacterium tumefaciens gene is an octopine 
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13. A cassette according to claim 12, wherein said 
upstream activating sequences are derived from different 
Agrobacterium turn faciens opine synthase genes. 

14. a cassette according to claim 12, wherein one 
of said upstream activating sequences and said promoter 
are derived from the same Agrobacterium tumefaciens opine 
synthase gene. 

15. A cassette according to claim 12, wherein said 
upstream activating sequences are derived from the same 
Agrobacterium tumefaciens opine synthase genes. 

16. A cassette according to claim 12, wherein said 
cassette further comprises a nopaline synthase poly- 
adenylation signal. 

17. A cassette for inducible expression of a 
foreign gene comprising said foreign gene operably linked 
to a regulatory region comprising a promoter derived from 
a mannopine synthase gene of Agrobacterlum tumefaciens by 
deletion to nucleotide position -138 and an upstream 
activating sequence derived from a mannopine synthase 
gene of Agrobacterium tumefaciens. 

18. A cassette according to claim 17, wherein said 
cassette further comprises a nopaline synthase poly- 
adenylation signal. 

19. A cassette for inducible expression of a 
foreign gene comprising said foreign gene operably linked 
to a regulatory region comprising a promoter derived from 
a mannopine synthase gene of Agrobacterium tumefaciens, 
an upstream activating sequence derived from a mannopine 
synthase gene of Agrobact rium tumefaciens, and an 
upstream activating sequence derived from an octopine 
synthase gene of Agrobacterium tumefaciens. 



BNSOOCIDkWO 9514098A1> 



WO 9S/14098 

PCT/US94/12946 

- 46 - 

20. a method of expressing „ 
comprising the steps of: * 9 ™ " 3 Pl * nt ' 

linking said gene to a 
uprising an upstr 9 eM ^^"r "gion 

first ^rohacteriu* tu nef «I^ L " *~ 3 

tM.eraciens opine l™* a trom a seeond 

different fro. saia f irst J"*" S * nthMe ««• that is 
synthase gene; ^oiacteriu* rubefacient opine 

re 9 ion n Lra n9 pi r ; t ^ ~* «" «* 

allowing saia plant to express said ge „ e . 

—opine synth :: geT.„:Tv pine synthase 9ene is » 

^aciens opine synthase ^i^To 

gene. 9 ne ls an °ctopme synthase 

first 2 ^::::;:/::;:-^ to ciaim 2 °- — 

°ctopi„e synthase "ene anrsa": ^ m ~ "~ is - 
»»e f aciens opine I y „t h ase ™ "TL^ 8 "^"" 
gene. y ne ls a ^annopme synthase 

co D p r i 2 s ;„,\:;x: f or ressin9 a — *• - 

derived fro* an Aaroh.l activating sequences 

9 ene operahiy L^TT^T ^ 

allowing saia plant to express saia gene. 
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24. A method according to claim 23, wherein said 
upstream activating sequences are derived from different 
Agrobacterium tumefaciens opine synthase g n s. 

25. A method according to claim 23, wherein said 
upstream activating sequences are derived from different 
Agrobacterium tumefaciens opine synthase genes. 

26. A method according to claim 23, wherein one of 
said upstream activating sequences and said promoter are 
derived from the same Agrobacterium tumefaciens opine 
synthase gene. 

27. A method of inducible expressing a foreign gene 
in a plant, comprising: 

linking said foreign gene to a regulatory region 
comprising a promoter derived from a mannopine synthase 
gene of Agrobacterium tumefaciens by deletion to 
nucleotide position -138 and an upstream activating 
sequence derived from a mannopine synthase gene of 
Agrobacterium tumefaciens; 

inserting said foreign gene and said regulatory 
region in said plant; and 

inducing expression of said foreign gene. 

28. A method according to claim 27, wherein said 
inducing is caused by insect or nematode attack on said 
plant. 

29. A method for inducible expression of a foreign 
gene in a plant, comprising: 

linking said foreign gene to a regulatory region 
comprising a promoter derived from a mannopine synthase 
gene of Agrobacterium tumefaciens, an upstream activating 
sequence derived from a mannopine synthase gene of 
Agrobacterium tumefaciens, and an upstream activating 
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sequence derived fro* an octopine synthase gene of 

inserting said foreign gene and said regulator 
region in said plant; and regulatory 

inducing expression of said foreign gene. 
r.gion°of t^T """^ ~^-T 

region^ *— - «- *- "guiatory 

32. A plas,»id comprising the cassette of claia 12 . 
claJao. * tranS9eniC Plant C °^»* «» Plss,id of 
clai.^. * tranS9enl ° ^Prising the plas»id of 

clai*",. ' tranS9enlC Pl3nt <™ sin * *- Pi— W of 
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